Lifestyle factors like weight, alcohol consumption, salt intake and physical activity have shown to be important in treating hypertension. There have been made some randomised trials about the effects of lifestyle interventions, but the numbers of patients have been relatively small and the durations of follow-ups have been short. No controlled trials assessing the effects of lifestyle intervention in a rehabilitation setting have been reported. In this study, the effects of multidisciplinary lifestyle intervention in rehabilitation centres among middle-aged hypertensive employees were described. A total of 731 hypertensives from 45 worksites were randomised to lifestyle intervention in a rehabilitation centre or to usual care in an occupational or primary health-care centre for 12 months. Standard measurements were conducted before the intervention and 1-year later. Blood pressure (BP) levels were clearly reduced in the intervention group, while only minor changes were observed in the control group. The net changes between the two groups both for systolic and diastolic BPs were À2.1 mmHg (95% confidence intervals (CI) À4.0 to À0.1) and À1.5 mmHg (95% CI À2.6 to À0.4), respectively. The net changes were greater among men than women. The multidisciplinary lifestyle intervention in a rehabilitation centre setting produced significant reductions in BP among middle-aged employees with hypertension.
Introduction
The importance of elevated blood pressure (BP) as a risk factor for coronary heart disease and cerebrovascular diseases has been demonstrated in many epidemiological studies, and many undesirable complications of hypertension can be prevented by detecting and treating hypertension properly. [1] [2] [3] [4] There are convincing data about the relation between high BP and lifestyle like overweight, high salt intake, alcohol intake, physical inactivity and exercise. [5] [6] [7] [8] [9] Studies have also demonstrated a fall in BP when sodium intake is reduced. 10, 11 Weight loss is associated with BP reduction and enhanced antihypertensive effects of medication. 12 Weight loss with a fat-modified diet together with increased physical activity has produced favourable long-term effects on BP and plasma lipid fractions in adults with mild hypertension, as well as a change in diet from saturated to polyunsaturated fat has resulted in a significant fall in BP. 13, 14 Many clinical guidelines have been issued for the detection and management of hypertension. [15] [16] [17] Nonetheless, the control of hypertension is poor. 18 Guidelines do recommend that treatment is initiated with nonpharmacologic approaches, and even if medications are needed, these nonpharmacological treatments should be continued. [15] [16] [17] In several randomised trials the effects of a combination of lifestyle and medication have been compared with the effects of medications alone or lifestyle alone. 12, 19, 20 Surprisingly, although there has been made several randomised trials about lifestyle interventions for hypertension, no controlled trial assessing the effects of intervention in a rehabilitation centre setting has been reported. The aim of our randomised trial was to assess the effects of multidisciplinary lifestyle guidance and counselling of middle-aged persons with hypertension in a rehabilitation centre setting employing an active rehabilitation concept.
Material and methods

Participants, randomisation and sample size calculations
Participants were recruited from worksites through their occupational health-care centres. The occupational health-care centre informed the employees about the study, and 731 volunteer subjects with hypertension participated. Most of the subjects lived in the southern part of Finland. At the baseline, all the subjects were in employment.
The subjects without pharmacological treatment of hypertension were screened in the occupational health-care centres by trained study nurses. The subjects with antihypertensive medication started without a screening phase. During the screening, BP was measured on three separate occasions (twice each time) at 1-week intervals using a standard mercury sphygmomanometer. The average of the two last measurements (four measurements as a whole) was the criterion for the inclusion decision. Ultimately, a subject was eligible for enrolment in the study, if the screening systolic BP (SBP) was 140-179 mmHg and/or if the diastolic BP (DBP) was 90-109 mmHg or if he/she was taking antihypertensive medication. Exclusion criteria were any diagnosed disease or condition (such as excessive use of alcohol or pregnancy), which might have a negative influence on the well-being or compliance during the intervention and follow-up.
The 731 subjects (356 men and 375 women) were randomised by computer-generated random numbers to intervention and control groups; randomisation was stratified according to the treatment status (drug treatment: yes or no) and worksite using the block size of eight. Randomisation numbers were in sealed, opaque, numbered envelopes and eligible subjects' envelopes were opened at the occupational health-care centre. After the randomization, but before the baseline assessment, a total of 28 eligible subjects dropped out (12 from the intervention group and 16 from the control group). The baseline characteristics of the dropouts did not differ from those of the remaining subjects as a whole, or between the two groups. The total number of the subjects at baseline was 703 ( Figure 1 ).
The power calculations were based on 3 mmHg difference in SBP and 1.8 mmHg difference in DBF between the intervention and control groups with a ¼ 0.05 and b ¼ 0.2. The calculations yielded 750 subjects for the study. 21 The demographic and clinical characteristics of the study subjects at baseline are described in Table 1 .
Baseline assessment
Specially trained nurses, who were rotated between the commercial enterprises to eliminate possible observer bias, performed the baseline assessments. 
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The nurses measured BP, height, weight and circumference of waist and hip, took laboratory tests, and handed out standardised self-administered questionnaires to the subjects.
BP BP measurements were performed by standard mercury sphygmomanometer according to the MONICA protocol. 22 BP was measured twice from the right arm with appropriate-sized cuff in the sitting position after 5 min of rest. The fifth phase of Korotkoff sounds was used as DBP and the values were recorded to the nearest 2 mmHg. The average of these two values was used for the analysis.
Weight, height and body mass index (BMI) Subjects were weighed without shoes and heavy clothing to the nearest 0.1 kg. Height was measured without shoes to the nearest 0.5 cm. BMI was calculated from the measured weight and height as kg/m 2 .
Circumferences of waist and hip
Circumferences of waist and hip were measured with a tape measure. The circumference of the waist was measured from the midway between the inferior margin of the last rib and the crest of ilium. Conversely, the circumference of hip was measured from the maximum extension of the buttocks. Both circumferences were measured to the nearest 0.5 cm.
Laboratory measurements
Blood samples for serum total cholesterol were collected after 12 h of fasting from all subjects and the urine samples were collected to determine the 24-h urinary sodium and potassium excretion. All the samples were analysed in the Department of Biochemistry of the National Health Institute, KTL (Helsinki).
Questionnaires
Sociodemographic factors, smoking, alcohol use, nutritional habits, physical activity, medications, and previous and current diseases were assessed using self-administered questionnaires, have been used earlier in the North Karelia Project in Finland and in the National FINRISK Study. 23 
Intervention
Within 12 weeks after the randomisation, the basic 5 days intervention period took place in one of the three rehabilitation centres (Espoo, Imatra or Savonlinna). About 4 and 8 months later, the subjects participated in two supplemental support interventions, each lasting 2 days. The group size of the subjects in the intervention periods was. [12] [13] [14] [15] [16] A physician, a dietitian, a physiotherapist and a psychologist were responsible for the intervention. The intervention included discussions, tests, group works, practical training and written material. In terms of utilising the important social support through group dynamics, the participants were allocated into the same group on each visit. The subjects' own physicians at the worksites (both in the study and control group) had the responsibility for the treatment of hypertension throughout the study. Supplementary intervention at the rehabilitation centre for the study group offered additional incentives for lifestyle changes aiming to reduce hypertension, and the control group was treated just in a usual manner without any instructions from the investigators.
Basic period
The intervention started with the general information followed by the group sessions guided by the physician, physiotherapist, psychologist, dietitian and the cook. Discussion with the physician included information on the causes and consequences of hypertension and knowledge about the cardiovascular diseases.
Two discussions with the physiotherapist provided information about the effects of physical activity on the cardiovascular system and the current recommendation for enhancement of cardiovascular fitness. He/she also trained the participants in the swimming pool and conducted a variety of aerobic exercises. Pulse indicators were used to find out the appropriate individual level of intensity. A walking test 24 was performed. Training in relaxation techniques followed each physical exercise session. The psychologist focused on identifying the symptoms of stress and on learning how to cope with stress.
The subjects underwent a 24-h ambulatory BP measurement in order to demonstrate individual changes in BP during different situations. The physician and the psychologist interpreted the results.
A 3-day food diary filled in prior to the intervention period was the basis for the group counselling. The three sessions given by the dietitian included information on the role of different components important in the control of hypertension like salt, fat and fibre intakes as well as the weight control. During the fourth session, the participants prepared a 'healthy pizza' that had a low-fat and low salt content. During another practical session given by the cook, the participants made unsalted rolls and low-fat spreads. The cook talked about the healthy methods used in cooking in the rehabilitation centre and healthy alternatives in food preparation.
At the end of the basic period, a summary group meeting was organised by the physicians, the physiotherapists or the psychologists.
The first support period
The support period aimed to encourage the subjects in their efforts to achieve a healthier lifestyle and to utilise the positive dynamics of the group itself.
During the weekend (2 days), the dietitian discussed with the group about their experiences in changing their dietary habits and emphasised the information provided during the basic intervention period. The physician, physiotherapist and psychologist together had a session on the changes that had taken place since the basic period in physical activity, relaxation practice, perceived stress, body weight, smoking, alcohol use and lifestyle in general. The aim of this session was to support the subjects to continue their endeavours and to support those individuals who had failed in their commitments. Progress in 'small steps' was recommended.
The walking test was again performed to demonstrate possible improvements in physical and aerobic condition. Aerobic physical activity session was followed by relaxation training.
The second support period
The second support period of 2 days took place again over a weekend with a similar programme as during the first support period and the dynamics of the group was emphasised. The group was split into small groups of two to four persons. These small groups assessed hypothetical hypertension patients with given information about socio-economic backgrounds and lifestyles (eating habits, physical activity, alcohol use, smoking) and prepared guidelines for these 'patients' with respect to their lifestyles. The guidelines were discussed with the experts.
Letters
Between the intervention periods, the subjects received a total of six support letters at 1-month intervals to remind them about the topics discussed during the course and about their personal goals.
Follow-up assessment
The follow-up assessment took place 1 year after the baseline and included the same measurements as those performed at baseline.
Statistical analyses
Statistical analyses were mostly conducted with the statistical package SPSS (SPSS 9.0 for Windows). Statistical comparison of continuous variables was carried out on an intention-to-treat basis by using analysis of covariance (ANCOVA) with adjustment for baseline data. 25 The changes are given with 95% confidence intervals (CI). A P value of o0.05 was considered statistically significant.
The statistical analysis of smoking habits was carried out with the generalised linear model, as defined by Nelder and Wedderburn. 26 The distribution of the response variable was binomial and the parameter studied was the rate difference (or difference of proportions) between the groups. The correlation between the two repeated measurements was taken into account by using the Generalised Estimating Equations (GEEs) approach. 27, 28 Analysis was carried out with the SAS software 8.01 using the Genmod procedure. The likelihood ratio test was used in comparing the changes in physical activity between the groups.
Results
Changes in BP
In the intervention group, there was a significant reduction during the year both in SBP and DBP (Table 2) . BP remained unchanged in the control group. The net reductions (the differences in the changes between intervention and control group) in both the SBP and DBP were statistically significant in favour of the intervention group.
In the subgroup analyses, statistically significant net changes were observed among men in favour of the intervention group both for SBP and DBP. Among the subjects on pharmacological antihypertension treatment, there were statistically significant net changes in SBP and DBP between the intervention and control groups (Table 3) .
Most subjects both in the intervention and control groups were undergoing pharmacological treatment of hypertension during the 1-year follow-up. Only a few individuals (about 3% in both groups) were able to terminate pharmacological treatment and only a Table 2 Blood pressure (BP) (mmHg) changes in intervention and control groups during the follow-up of 1 year by gender
Intervention group Change (95% CI)
Control group Change (95% CI) Net change (95% CI) P-value few subjects (about 5% in intervention group and about 7% in control group) had to start pharmacological treatment during the 1-year follow-up (data not shown). We did not assess changes in the doses of antihypertensives.
Changes in other cardiovascular risk factors
With respect to the other cardiovascular risk factors, we detected statistically significant net changes in favour of the intervention group in weight, circumferences of waist and hip, and physical activity (Table 4) . Serum total cholesterol levels did not change in either group. In 24-h urinary sodium and potassium excretion the changes were minor in both groups. The percentage of smokers decreased in both the groups with the decrease being 3.3% in the intervention group and 1.0% in the control group. Self-reported alcohol consumption increased somewhat in both the groups. In the subgroup analyses, statistically significant net changes were observed in men in favour of the intervention group for weight (À2.3 kg, 95% CI À3.7 to À1.0), circumference of waist (À1.6 cm, 95% CI À2.5 to À0.7) and circumference of hip (À0.9 cm, 95% CI À1.6 to À0.2).
Among the subjects on pharmacological antihypertension treatment, there were statistically significant net changes in weight (À1.9 kg, 95% CI À3.0 to À0.8), BMI (À0.6 kg/m 2 , 95% CI À1.1 to 0.0), circumference of waist (À1.5 cm, 95% CI À2.3 to À0.6) and circumference of hip (À1.0 cm, 95% CI À1.6 to À0.3) between the intervention and control groups.
Discussion
This study provided new information about the effects of nonpharmacological treatment of hypertension. The lifestyle intervention based on group sessions in a rehabilitation centre setting achieved positive effects on BP of hypertensive persons and on some cardiovascular risk factors. Counselling by the multiprofessional team, practical demonstrations about the lifestyle modification and the group dynamic were the important components in the intervention.
The intervention had only a minor impact on the subjects' pharmacological treatment. Most of the subjects both in the intervention and control groups stayed on pharmacological treatment. Only about 3% of the patients in both groups were able to terminate their pharmacological treatment during the follow-up period. The subjects were volunteers, which may render them more compliant to intervention than the catchment population as a whole. On the other hand, many of the subjects might have initiated changes in their lifestyle before the study, which could reduce the power of the intervention. In addition, subjects in the control group, being aware of the study protocol, may have adopted favourable lifestyle changes, which also might have reduced the power of the intervention.
According to subgroup analyses, the intervention was more powerful among men than women and among pharmacologically treated subjects than among nonpharmacologically treated ones. This is in concordance with the favourable lifestyle changes of this study among men and pharmacologically treated subjects.
Some previous studies concerning nonpharmacological treatment of hypertension have been carried out in rehabilitation centres or in residential hotels, but these have utilised a small number of patients and have lacked a control group. 29, 30 The results of the net changes in BP in our study were similar to those in a systematic review about multiple risk factor interventions in different settings. The fixed effects analyses in the review showed the net difference reduction in SBP to be 4.2 mmHg (SE 0.19 mmHg) and that in DBP to be 2.7 mmHg (SE 0.09 mmHg). 31 In Finland there are many rehabilitation centres, which are staffed by multiprofessional teams, and offer a variety of activities. The rehabilitation centres in Finland do not only provide relaxation and passive treatments. There are also many kinds of active rehabilitation schemes in these centres, and thus there are good possibilities to promote public health. The major group of users of the rehabilitation centres has been the Second World War veterans. The number of veterans has declined and is declining all the time, which poses rehabilitation centres with new challenges in the prevention, treatment and rehabilitation. Many countries have rehabilitation centres with different historical backgrounds compared to the Finnish ones. We think that those rehabilitation centres may be able to organise interventions such as ours.
In summary, the multidisciplinary lifestyle intervention in a rehabilitation centre setting for hypertension produced favourable effects among middleaged hypertensive employees.
